Introduction
Arabidopsis thaliana genome was assumed to contain ca. 25000 protein coding genes (The Arabidopsis Genome Initiative, 2000) . The number of proteins actually formed may be considerably higher because of alternative splicing (Mironov et al., 1999) .
Another possible source of new protein forms is translational polymorphism where several AUG codons within mRNAs may serve as alternative translation start sites to produce proteins with overlapping sequences and displaying different properties.
Despite many examples where such mRNAs were described (Souciet et al., 1999; Bab et al., 1999; Watanabe et al., 2001) , the contribution of translational polymorphism to proteome complexity was not evaluated.
Initiation of translation of most eukaryotic mRNAs is likely to occur by linear scanning, although some other mechanisms are also possible (Kozak, 2002) . According to the scanning model, 40S ribosomal subunits can either initiate translation at start AUG codon in suboptimal context or miss it and initiate translation at downstream AUG(s). The initiation/scanthrough ratio depends on both the translation start site (TSS) context and the features of downstream mRNA fragment (Kozak, 2002) . For mammalian and plant mRNAs, the most crucial elements of AUG context are adenine at position -3 and guanine at position +4 (Lukaszewicz et al., 2000; Kozak, 2002) .
It may be expected that mRNAs should possess features providing efficient translation, including the recognition of a genuine TSS. However, a part of cellular mRNAs with start AUG codon lying in suboptimal context is relatively large as well as a part of mRNAs with AUG-containing 5' untranslated regions (5'-UTRs) (Rogozin et al., 2001; Kochetov et al., 2002) . It is likely that at least some mRNAs with suboptimal start codon context may produce two or more functional polypeptides. To test this assumption we isolated a sample of Arabidopsis thaliana mRNAs and compared 3 predicted subcellular localizations of polypeptides started from annotated suboptimal TSS and their potential N-truncated forms initiated at the nearest downstream in-frame AUG codons.
Methods
14901 EMBL entries were obtained at http://srs.ebi.ac.uk/ using the following search fields and terms: "Organism" -Arabidopsis thaliana; "Molecule" -RNA; "FtKey" -CDS; "Description" -complete CDS. 9531 non-redundant sequences contained both complete coding parts and 5'-UTRs longer than 20 nucleotides. Subcellular localizations of proteins were evaluated by TargetP prediction program (Emanuelsson et al., 2000) used with default parameters. Description of predicted subcellular localizations of full and potential N-truncated A. thaliana protein forms is available by request.
Results
Nucleotide frequencies in -3 and +4 AUG context positions in 9531 Arabidopsis thaliana non-redundant mRNAs are shown in Table 1 . It was assumed that pyrimidine at position -3 will result in alternative translation from downstream AUG although the recognition/scanthrough ratio may vary considerably and depend on the other context positions (-2,-1,+4) (Kozak, 2002) . A sample of Arabidopsis thaliana mRNAs with suboptimal TSS was analyzed. 130-amino acids long N-terminal protein fragments were used. Two samples were generated: either started from annotated TSS or from the nearest downstream in-frame AUG codons. In total, 1819 full and N-truncated proteins were compared.
The results of prediction are shown in Table 2 . One can see that N-truncated 4 forms of many secreted polypeptides (24.4%) lose their targets. It was expected since N-truncated polypeptides could lose their secretory leader peptides. 13.5% of Ntruncated proteins retained their localizations. However, 12.2% of N-truncated proteins acquired sorting signals de novo and 5.7% changed their predicted subcellular locations (mitochodria, chloroplast or secretory pathway; detailed information is available upon request). Thus, a considerable part of Arabidopsis thaliana mRNAs could produce two (or more?) proteins each with specific subcellular localization due to translational polymorphism.
Discussion
It is known that a large part of eukaryotic mRNAs contain start AUG codon in suboptimal context (Rogozin et al., 2001; Kochetov et al., 2002) . It is likely that at least some mRNAs with suboptimal TSS may produce two or more functional polypeptides due to a leaky scanning (Kozak, 2002) . However, the contribution of such a translational polymorphism to proteome complexity was not evaluated. It is known that translational polymorphism represents an appropriate way to address proteins of the same function to different locations (Souciet et al., 1999; Watanabe et al., 2001) . We suggested that the evaluation of contribution of translational polymorphism to organelle proteomes will reflect its general significance.
Our evaluation was based on two premises: (1) plant mRNAs containing suboptimal TSS with pyrimidine in position -3 can produce N-truncated proteins by leaky scanning (Souciet et al., 1999; Watanabe et al., 1999; Kozak, 2002) , (2) TargetP can be used to compare predicted sorting of full and N-truncated proteins accurately (Kruft et al., 2001; Koo and Ohlrogge, 2002; Peltier et al., 2002; Leister, 2003) . Four different variants may be considered: (1) N-truncated protein may lose its sorting signal 5 (and, perhaps, function); (2) Full-and N-truncated proteins may be targeted to the same compartment and have the same function (it is likely to be the case of compensation of a suboptimal TSS by the nearby in-frame AUG); (3) Full and N-truncated proteins of the same function may be targeted to different locations (Souciet et al., 1999; Watanabe et al., 2001) ; (4) Full protein may have no working targeting signal, whereas its Ntruncated form may have an active targeting signal (e.g., when full and N-truncated proteins possess different functions (Bab et al., 1999) or full protein is non-functional, incorrectly annotated, etc.).
One can see that the predicted sorting of these protein forms differs considerably (Table 2) . It is hardly possible that that the presence of a signal peptide, mitochondria targeting peptide or chloroplast targeting peptide, frequently detected in N-truncated proteins, resulted from false prediction, sequence errors or other occasional events. It was proposed that Arabidopsis thaliana chloroplast and mitochondria proteomes contain ca. 3100 different proteins each (Leister, 2003) . Subcellular localization of plant proteins is intensively experimentally investigated (e.g., Kruft et al., 2001; Koo and Ohlrogge, 2002; Peltier et al., 2002) because this information is important to reveal protein functions (Kumar et al., 2002) . It is likely that translational polymorphism may be considered as an important source of subcellular proteomes and should be taken into account in further investigations.
Indeed, this evaluation of possible utility of N-truncated Arabidopsis thaliana
proteins is very approximate (ca. 4% of genes tested were found to produce N-truncated proteins with new targeting signals). First of all, we tried to evaluate only the difference between full and N-truncated protein forms in subcellular sorting. It is clear that they may differ in many other features and functional properties. Next, we have not enough information to classify plant TSS by their "strength" correctly. In this work we took into 6 account only the difference in position -3 upstream AUG: suboptimal TSS contained there pyrimidine. It is known that other positions (-2,-1,+4,+5) may influence the AUG recognition especially if guanine occupies position -3 (Lukaszewicz et al., 2000; Kozak, 2002) . For example, 956 of 9531 Arabidopsis thaliana mRNAs contain G in position -3 and nucleotide other than G in position +4: it may be assumed that these mRNAs also produce several proteins due to translational polymorphism. It means that our evaluation of N-truncated proteins number is underestimated.
The significance of such a translational polymorphism as a source of cellular and organelle proteomes is unclear, but the preliminary evaluation presented here demonstrated the value of further computational and experimental investigations.
Indeed, the change in protein subcellular localization is only one of many possible roles of translational polymorphism. Recent investigations showed that many eukaryotic genes yield transcript(s) that translate into several, and often very numerous, families of polypeptide species (Kettman et al., 2002) . Since eukaryotic mRNAs frequently contain translation stat site in suboptimal context (Rogozin et al., 2001; Kochetov et al., 2002) , the problems of polypeptide N-end heterogeneity and finding of the genuine translation start site(s) are very topical. peptide. In total, 24.4% of full proteins lose their targets (i.e., TargetP prediction changed from mTP, SP or cTP-containing to "Other"), 13.5% of N-truncated proteins retained localization of their full forms, 12.2% of N-truncated proteins acquired sorting signals de novo (i.e., TargetP prediction was changed from "Other" to mTP, SP or cTPcontaining) and 5.7% changed their predicted sorting (e.g., from mTP-containing to cTP-or SP-containing protein forms, etc.).
